The Australian carbon pricing scheme (carbon tax) was introduced and became effective on 01 July 2012. The introduction of the carbon tax immediately increases the cost of electricity to a number of industries such as manufacturing and construction. Households were also affected as a result of these costs been passed through the supply chain of the affected industries. The carbon tax policy was introduced to addresses greenhouse emissions and energy consumption in Australia. However, the carbon tax policy may have introduced a number of economic risk factors to the Australian housing market, in particular the impact of housing affordability.
Introduction
A carbon pricing scheme (also called 'carbon tax') is one of the greenhouse emission reduction schemes introduced on 01 July 2012 in Australia. The aim of this scheme is to reduce of greenhouse emissions by 5 per cent below 2000 level by 2020 and 80 per cent below 2000 level by 2050 [1] . A survey [2] reported that approximately 14.8 per cent construction costs have been increased immediately as a direct result of the carbon tax. In response to the higher costs, around half of the businesses passed on these costs to the end users by increasing their selling prices. On the other hand, electricity and gas prices for households have increased by more than 18 per cent per year, which is a single largest price increase since the early 1980s [2] . There are numerous debates on whether the carbon tax should be abolished as there are also claims that the introduction of carbon tax has distorted the Australian economy. This research studies whether the introduction of carbon tax in Australia affects housing affordability.
House Price and Housing Affordability in Australia
House prices have increased drastically in Australia during the last decade. The weighted average of the eight Australian capital cities house prices of established detached houses have raised by 102.6 from March 2002 to June 2013 [3] . Sydney has the most expensive housing in Australia, with the median house price at AUD673,681 (approximately USD620,353). However, median household incomes have increased far less than house prices, approximately 76 per cent from $448 in 2002-03 to $790 per week in 2011-12 [3] . Median Multiple (i.e., Median house price/Median household income) is commonly used to assess housing affordability, where Median Multiple of 5.1 and above indicates 'severely unaffordable'; whereas Median Multiple between 4.1 and 5.0 indicates 'seriously unaffordable'. In 2013, Australia had a Median multiple of 6.5 and Sydney's Median Multiple was 8.3, the least affordable market in Australia [4] .
Analysis of Effects of Carbon Tax on Housing Affordability
Housing affordability is a 21 st century problem [5] and determined by the housing prices and household income. Given that the household incomes are relatively stable, changes of housing prices are the main attributes to the affordability. Housing prices are affected by the demand for and supply of the available houses in the markets. Thus, any of the factors that impact on the demand for and supply of housing will cause changes in housing prices, thus affordability.
The carbon tax has an effect on the affordability in a number of ways which is shown in Fig. 1 . Firstly, the introduction of carbon tax pushes up the electricity and gas expenses immediately thus the construction costs. The higher construction costs will reduce profit margins that depress the construction activities. Housing supply will decrease in the long run that pushes up house prices. If these additional construction costs pass through the supply chain, house prices will increase hence reducing housing affordability. Secondly, the net disposable income of households will reduce as a result of additional expenses due to increase in electricity and gas bills. Housing affordability will decrease with less money available for households to save for deposits on homes or service their mortgage payments.
Fig. 1: The Relationship between Carbon Tax and Housing Affordability
Carbon tax is one of the additional costs pushing up construction costs [2] . If the construction costs are strongly linked to the house prices at the same period, then construction pricing passing through can be asserted. The relationships between house prices and construction costs, as well as the introduciton of carbon tax has effects on housing afforadability are tested using a regression analysis. Table 1 presents the data sources, data period, measurements and basic statistical analysis used for the study. A positive correlation between the house price index (NHPI) and the construction costs (CCI) are expected, i.e., the higher the construction costs and the higher the house prices for the developments of new houses. The higher the house prices, the higher the housing affordability index, and the greater the unaffordability of housing. It is expected that the cost of builidng activities is positively linked with the housing affordability index. Two linear regression models were derived using the SPSS software and the results are shown in Table 2 . The robustness of the models is measured by the R square, F-test and model significance, as well as t-test for the independent variables. In the Model 1, price index of project homes (NHPI) is the dependent variable and the producer price index (CCI) is the independent variable. All regression results indicate the model is statistical significance and fit well. The model explained 96.9 per cent of the variables in the regression that indicates a very strong positive connection between the house prices and construction costs. A one per cent increase in the construction costs will induce 1.396 per cent increase in the house price of new developments given that other variables remain unchanged.
The housing affordability index is the dependent variable and the building price index is the independent variable. The model 2 exhibits a statistical significance and explained 88.9 percent of the variables in the regression. The costs of construction were positively related with housing affordability index. For every point increase in the building cost index there is an associated increase of 0.045 in the housing affordability index, holding other variables constant. This implies that households are less affordable by increasing of construction costs. Australian census 2011 data is employed to analyse the effects of carbon tax that reduces household expenditure. The analysis consists of comparing median household mortgage or rent payments with the weekly money available for mortgage or rent before and after the carbon tax. The estimating procedure involves: a. investigating household income levels and money available for mortgage or rent payments; b. researching median mortgage or rent per household; c. estimating average weekly costs of electricity and gas payments before and after the carbon tax; d. calculating the money available for mortgage or rent payments by subtracting the additional costs of electricity and gas payments; and e. comparing the difference between median mortgage or rent with the money available for mortgage or rent before and after the carbon tax. Assume that households pay rent when their weekly incomes are less than $1,500 and pay mortgage when their weekly incomes greater than $1,500. For easy of comparison, the median weekly mortgage and rent, as well as electricity and gas costs remain the same for all income categories.
As displayed in the Table 3 , before the carbon tax, households could not afford to rent or buy houses when their weekly income was less than $950. The households have to rely on government assistance for their housing. The households who have weekly income levels between $950 and $1,500 could afford and had access to the rental markets, while households who have weekly income above $1,500 could afford and had access homeownership by paying mortgages. Since the introduction of carbon tax, the costs of electricity and gas have increased by 40 per cent [2] . This implies that an additional $13 had to use for paying the increased electricity and gas bills each week by households. Given other expenses remain unchanged, the money available for mortgage or rent is reduced after the introduction of carbon tax. Households who have weekly income between $950 to $1,500 who originally could afford to pay their mortgage or rent have now become less unaffordable after the carbon tax was introduced. Households with weekly incomes that are greater than $1,500
842
Sustainable Development of Industry and Economy have been less impacted by the introduction of the carbon tax. The higher the household incomes, the less the impacts from the carbon tax. Obviously, the low-to-moderate income households suffer the most though there are some subsidy programs available from governments. 
Conclusions
This analysis has found that the carbon tax has significant impacts on the low-to-moderate income households in Australia. The direct impact is evidenced of the increased cost of energy consumption. The indirect cost factors have flowed onto higher material cost and higher costs of construction. The combined cost-factors have made the low-to-moderate income households become less affordable to housing. An introduction of carbon tax should be considered among the range of instruments involving interactions between environmental, economic and political, social and technological processes [8] . Some incentive programs such as free basic electricity [9] are recommended to assist the group households to overcome the difficulties of maintaining their housing.
